Abstract Honey bees, Apis, forage for nectar and pollen, which are subsequently stored in cells of their nests. Despite the importance of honey storage for colony survival, very little is known about decision making by honey bee workers that could optimise the transformation of nectar into honey. Here we test, using diagnostic radioentomology, whether workers use rules based on sugar concentration to optimise the spatial distribution of storage cells during nectar ripening. The data show that after the first 3 days of storing activity, various sugar concentrations were mixed in individual cells. A spatial clustering of cells with content of similar concentration was only occasionally observed. The results, therefore, suggest that at early stages of storage, spatial proximity of cells with similar sugar concentrations does not result in improved efficiency and, therefore, does not seem adaptive. The costs involved in locating particular cells probably outweighs the benefits of clustering. Alternatively, but not mutually exclusive, physiological constraints (e.g. variation in the perception of sugar concentration) might limit such optimisation behaviour. Storing behaviour can serve as a model to better understand food provisioning and complex organisation of insect societies.
Introduction
Honey bee workers, Apis spp., forage for sugar solutions in their environment as fuel for their metabolic processes. The sources of these carbohydrates are the nectar of flowers (White 1975; Seeley 1995) , honeydew produced by various sap-sucking insects (Eickwort and Ginsberg 1980) and juices from open or weeping fruits or from other natural plant exudates (Roubik 1995; Michener 2000; O'Toole and Raw 2004) . The availability of these resources is typically variable in time since their production is dependent on weather and climatic conditions. As a consequence, once brought into the nest by the foragers and once the metabolic needs of nestmates have been covered (Crailsheim 1990) , the receiver bees (called food storers) place the surplus in honey storage cells of the nest. These accumulated reserves enable constant carbohydrate supply even in times of dearth or during the winter in the temperate regions when foraging is impossible.
To ensure efficient and sufficient food provisioning, honey bee workers are able to optimise their foraging activity according to the profitability of the carbohydrate sources available in their environment (Seeley 1986) . Profitability is determined by the relationship between the energy required for retrieval, the availability and quality of & M. Eyer michael.eyer@agroscope.admin.ch the source as well as its distance from the hive (Seeley et al. 1991 ). Source quality is principally depending on sugar concentration. Foragers are able to detect levels of sugar concentration and to use this information in their foraging decision making (Farina and Núñez 1991; Seeley 1995; De Marco and Farina 2001) . Sugar concentration depends on the plant or aphid species from which the secretion is derived (Percival 1961) , it also varies within a same species of flower according to environmental conditions since the water content of nectar changes with diurnal variations of temperature, atmospheric humidity and soil moisture (Corbet 2003) . As a result, solutions of various sugar concentrations can be brought back to the nest for storage. Though the behavioural processes contributing to carbohydrate foraging optimisation in a changing environment have been intensively studied (Seeley 1986 (Seeley , 1995 Seeley et al. 1991) , there has been little research on decision making by honey bees for their storage strategies to cope with the variation in quality of nectar or secretions collected.
Storage optimisation could be performed by food storing and by honey processing bees (Núñez 1966; Farina 1996; De Marco and Farina 2001; Pirez and Farina 2004; Grueter and Farina 2007) and result in the storage of nectar or secretions of similar sugar concentration in neighbouring cells. An optimisation of the spatial arrangement of storage cells could promote the ripening process of nectar into honey, the final and long lasting storage form for carbohydrates (Park 1925 (Park , 1927 (Park , 1928 (Park , 1933 (Park , 1949 Maurizio 1975) . Honey bee nest organisation is divided into areas distinguished by their function (brood area, pollen storage and honey storage areas). Its ontogenesis is described as the result of a self-organised process based on simple decision rules (Camazine et al. 1990; Camazine 1991; Johnson 2009; Montovan et al. 2013 ) probably leading to reduced energy expenditure (shorter transport times and distances) and hence to task optimisation (Dreller and Tarpy 2000; Schmickl and Crailsheim 2004; Hepburn et al. 2014) . A spatial pattern in the early carbohydrate storage could restrict the tasks necessary for honey ripening to distinct areas of the comb and thus contribute to reduced energy consumption (Greco et al. 2013) . Such tasks include active evaporation of cell content by food processors (Park 1925 (Park , 1927 (Park , 1928 (Park , 1933 (Park , 1949 , or ventilation which has been proposed as a mechanism to regulate atmosphere humidity of honey stores to favour passive evaporation (Reinhardt 1939; Human et al. 2006) . By adjusting humidity according to the optimal value required for the cells on spatially defined clusters, conflicts with nest areas requiring different humidity optima (Human et al. 2006 ) would be reduced so that energy consumption for the process could decrease and speed of evaporation could increase.
In support of this hypothesis, clustering of cells with content of similar concentration was shown within the first 48 h of access to a sugar solution (Greco et al. 2013) . By building on their methods and using less restrictive experimental conditions (reflecting a biologically more relevant situation), we aimed at consolidating and generalising these findings. By monitoring the end destination of solutions of different sugar concentrations covering the whole range available in nature (30-70 %), we deduced the filling process of storage cells in larger colony units and over a longer time period allowing for a higher quantity of solution to be deposited into the cells. Our results suggest that the occurrence of storage rules is not consistent throughout the ripening process or depend on colony size. We discuss why such strict spatial pattern might not be adaptive.
Materials and methods

Hive preparation and feeding regime
Hive and colony size were chosen so as to ensure normal colony functioning while obtaining the highest resolution possible allowing us to investigate cell content in detail. We used 9 small hives [Miniplus (R)] filled with *4000 workers each (compared to *1000 in Greco et al. 2013) . Such size corresponds to experimental unit able to express all normal behaviours of a full sized colony (Seeley 1995; Jeanson et al. 2007) . Hives were filled with combs previously drawn from foundation wax sheets in other colonies. One mated and actively laying queen was housed in each hive. The hives were closed during the 3-day experimental period to prevent bees foraging on external food sources. During this time, the hives were kept in a cool room at 14°C to prevent overheating of the closed compartment. Apart from colony size, hive type and experiment duration, the same experimental and feeding conditions as in Greco et al. (2013) were used.
Within each hive, the bees were given access to two separate feeders containing the solutions of different sucrose concentration. All colonies received a 50 % sucrose solution. Three colonies received in the second feeder labelled solutions of 30 % sucrose, 3 other colonies received labelled solutions of 50 % and the 3 remaining colonies received labelled solutions of 70 % sucrose in the second feeder. These concentrations were chosen within the natural range for nectar sugar concentration collected by honey bees (Seeley 1995) and as distinct from each other as possible to promote their discrimination by the honey bees. The three feeding diets are hereafter coded as 30/50, 50/50 and 70/50 based on the concentration of sugar of the feeding solutions. Feeders were weighed and refilled every day for 3 days in the colonies. The 3 days enabled time for the bees to store the solutions and fill some cells completely. One of the colonies given the 70/50 diet dwindled to death during the experiment and did not store the solutions provided. It was thus excluded from the study. After 3 days, the experiment was interrupted by collecting the combs out of the hives and storing them at 14°C until computer tomography scanning was performed to measure density of cell content.
Diagnostic radioentomology
Diagnostic radioentomology is based on computer tomography scanning, which allows the visualisation and quantification of the differences in density of the component materials (Greco et al. 2005) . Scans were performed on a Philips Brilliance CT 16-slice apparatus (Philips Healthcare, 5680 DA Best, The Netherlands) using 120.0 kVp and 183.0 mA as settings. Since temperature influences density of materials, constant conditions during scanning were ensured by holding the temperature in the scanning room at 18-20°C. Density, quantified in Hounsfield Units (HU), was measured using eFilmLite version 1.5.0.0-DICOM (Digital Imaging and Communications in Medicine NEMA). The density of individual cell content was measured with the ellipse tool of eFilm drawing an ellipse over each cell to be measured. For this, a plane was chosen that crossed a maximum number of cells of which the whole diameter was occupied by sucrose solution. Cells of lower filling status, of which the diameter in this plane was only partially occupied by solution were excluded from the measurement to avoid biases caused by air. The inclusion of air volumes in the measurement ellipse results in a decrease of Hounsfield unit values, the air being less dense than the solution. In order to increase our ability to discriminate between sucrose solutions of different concentrations, we labelled one of the two feeding solutions available to the bees with a contrast agent [10 % Visipaque 320 radiographic contrast agent (GE Healthcare Inc, Easton Turnpike Fairfield, CT, United States)].
Method validation
In order to exclude potential methodological biases that could influence our interpretation of density measures and patterns observed in our test combs, we have performed several validation experiments.
Density as a proxy for sugar concentration
In order to establish the relation between sugar concentration and contrast agent labelling with the density of the solutions, we produced a calibration curve (Fig. 1) . We used solutions with 30, 50, 60, 70 and 80 % sucrose that cover the range of concentration required for the experiment. Two vials were filled with each concentration. In one of them contrast agent (Visipaque) was added to a concentration of 10 %. The vials were then scanned and the density of 10 randomly selected points in each vial was measured and averaged.
Effect of the labelling technique on results
Contrast agents used in diagnostic radioentomology studies are by definition dense and could gravitate passively to the bottom of the solution stored in the cell. This could, with time, create a density gradient within the cells and require several measurements to obtain an average value that represents the cumulated storing behaviour of workers at the end of the experimental period. In order to optimise the measurement process and be able to analyse large number of cells, we determined the optimal time, after cessation of storage, at which we could perform a single measurement for each cell. For this, we monitored, over time, the density at several depths within a vial containing pure labelled 50 % sucrose solution. If a 50 % labelled solution remains homogeneous, it remains possible that upon mixture, a labelled and a non-labelled solution separate due to gravity, with the contrasted solution sinking below the non-contrasted solution. To verify this, we repeated this test using vials containing contrasted sugar solution (50 % labelled) placed on top of non-contrasted solution (50 % unlabelled). The vials were scanned 1 h, 3 days and 4 weeks after preparation. After the first scan, vials were kept at 14°C to prevent fermentation of the sugar solutions. Point measurements of solution density were taken at three different horizontal levels in the vials: at the bottom, in the middle and at the top of the solution. Nine regularly spaced measurement points were chosen per level. These nine points were on the same vertical axis at each level and their average was calculated to obtain one Hounsfield unit value per level. These tests enabled us to determine in which manner (at which point in time and space) to measure density of cell content in order to obtain representative values for our analysis of storage patterns.
Statistical analyses
Effect of the labelling technique on results
The homogeneity of solutions in the test vial was verified by comparing the Hounsfield unit value of each level within the vial using a Kruskal-Wallis test since HU-values in some of the replicates were not normally distributed.
Effect of sugar concentration on storage
In order to compare the distribution of Hounsfield unit values around the means within diets (30/50, 50/50 and 70/50) without a putative influence of the preference for one of the solutions by the colonies or of concentration process, we standardised the data. This was done by removing the mean of the Hounsfield unit values measured in a replicate to each cell density value in this replicate (N = 8 combs containing from 69 to 107 randomly selected cells of both comb sides) and dividing it by the standard deviation of the sample. The average of each replicate is thus brought to 0 and the standard deviation to 1. The replicates within a diet can thus be pooled and the distribution of values around the mean be investigated on a larger sample size. A normal distribution is expected if the sucrose solutions are randomly deposited in cells by bees for storage. We tested with the Kolmogorov-Smirnov statistics whether Hounsfield unit values of the stored sucrose solution are distributed normally. A non-significant result would show that cells containing random proportions of solutions are present on the comb and that there is no segregation of solutions of different sugar concentration in different cells. In other words, non-significance would show that the whole range of mixture of both solutions is found in the cells. Analyses were performed with the program SYSTAT 12.
Spatial patterns of sugar concentration on combs
Even if combs contain the whole range of sucrose concentration, workers could store content of similar concentration in neighbouring cells, creating clusters on the comb. To determine whether such spatial patterns occur, a single vertical scan frame perpendicular to the cells long axis and parallel to the comb mid rib was selected for each comb of the three groups (30/50; N = 3), (50/50; N = 3), (70/50; N = 2). Combs (N = 8) for which spatial patterns were investigated contained from 88 to 264 cells. The projected coordinates of each cell measured (their X and Y coordinates) were obtained with the Probe Tool of eFilmLite.
To determine whether cells of similar densities (a proxy for sucrose concentration) were spread randomly, uniform or clustered, the spatial autocorrelation Morans I test statistic was used. This test incorporates feature locations and attribute values to calculate the spatial autocorrelation (I index). I-indices close to 0 indicate random pattern, whereas positive indices indicate a tendency toward clustering and negative indices indicate a tendency toward uniformity. The P value and the corresponding standard deviation (z-scores) reflect the probability that the observed spatial pattern is created by a random process. As conceptualization model for the analysis, we chose the fixed distance model with a value of 15.5 pixels, which represents the mean distance between the centres of two neighbouring cells. This ensured that neighbouring values are highly weighed in the spatial autocorrelation measurements. ArcGIS 10.2 software was used for this analysis.
A posteriori method validation
Effect of preference based on labelling or sugar concentration
Observations of storage pattern can be affected if honey bees have a preference for consumption or storage of labelled or unlabelled sucrose solution. We tested this possibility in the 50/50 group since the concentration of both solutions is equal and only the presence of the contrast agent could have an effect. Each colony had one feeder containing 50 % unlabelled and the other 50 % labelled solution. If one of the solutions is preferred for storage, it becomes visible with a shift of density measurements of the cell contents towards the Hounsfield unit value of the preferred solution.
Once the effect of the contrast agent on preference was determined, we tested for preference in storage based on sugar concentration in the groups 30/50 and 70/50 (N = 3 and 2 colonies, respectively). In order to test statistically whether bees preferentially stored one of the solutions a onesample t test was performed. We compared the expected Hounsfield unit value (average of density when solutions are mixed equally, for example in the case of 30/50 group: (HU 30L ? HU 50U )/2, with HU 30L and HU 50U the values of pure solutions 30 % labelled and 50 % unlabelled, respectively) to the measured (mes.) average from 69 to 107 randomly selected cells of both comb sides per replicate.
Since Hounsfield unit values were not normally distributed in some of the replicates, a non-parametric binomial test was performed to confirm the result. For this test, we determined the proportion of events with values superior to the predicted Hounsfield unit value and compared it with equal distribution of stored solutions (proportion of values inferior to the expected value = proportion of values superior to the expected value = 0.5).
From the average Hounsfield unit value for each replicate, we deduced the proportion of each solution stored with the following formula:
leads to
with HU 1 and HU 2 the value of pure solutions 1 and 2, x the proportion of solution 1 stored in the cells and HU mes. the average Hounsfield unit value measured from the cells. Preference for the collection of a solution was also tested by comparing the amount of solution removed from the dishes to that placed in the hive by the bees.
Effect of nectar ripening
If workers actively concentrate the solutions stored to produce honey, their concentration will increase independently of the addition of a more concentrated solution and generate a bias. Evidence that this phenomenon occurs can be deduced from the highest Hounsfield unit values observed. If the measures show values larger than the maximum Hounsfield unit value (that of the pure labelled solution of highest concentration in each group), concentration by workers likely occurred. Absence of such high values will also show that the solutions did not evaporate passively before diagnostic radioentomology scanning.
Results
Method validation
The calibration curves obtained show that pure labelled and unlabelled sucrose solutions can easily be discriminated based on their density and independently of their sucrose concentration (Fig. 1) . Sugar concentration influences the density of the solutions, but to a lesser extent. Hounsfield unit between the ranges for labelled and unlabelled solutions result from the mixing of both solutions.
Effect of the labelling on observations
A difference in the density of the different levels within a vial of pure labelled solution was observed at 3 days, but not 1 h or 4 weeks after preparation (Kruskal-Wallis test: K 1h = 3.5, DF 1h = 2, P 1h = 0.18; K 3d = 9.4, DF 3d = 2, P 3d \ 0.01; K 4w = 4.58, DF 4w = 2, P 4w = 0.10; Fig. 2) .
Labelled solution sank below non-labelled solution immediately after pouring the former on top of the latter. This generated two well-separated layers visible in the first scan, 1 h after mixing the solutions. The difference in density between layers was highly significant (K 1h = 22.3, DF 1h = 2, P 1h \ 0.01) with the bottom layer showing a high density. Three days later, there was a more gradual transition zone between these layers, but the differences in density were still highly significant (K 3d = 23.5, DF 3d = 2, P 3d \ 0.01). After 4 weeks, significance level of density differences between layers was above 0.01 (K 4w = 8.35, DF 4w = 2, P 4w = 0.02), with the density of the bottom layer decreasing and the middle and top layers increasing (Fig. 3) , resulting in a more homogeneous solution.
Storage preference based on labelling
Fifty percent sucrose solution with contrast agent and 50 % unlabelled sucrose solution were found in non-significantly different proportions in combs of two colonies of the 50/50 diet (one sample t test: t 50L/50U_1 = -0.95, N 50L/50U_1 = 107, P 50L/50U_1 = 0.35; t 50L/50U_3 = 0.54, N 50L/50U_3 = 101, P 50L/50U_3 = 0.59; Fig. 4 ). Since Hounsfield unit values for these replicates were not normally distributed, we confirmed this result with a binomial test (Z 50L/50U_1 = -1.65, N 50L/ 50U_1 = 107, P 50L/50U_1 = 0.10; Z 50L/50U_3 = -0.69, N 50L/ 50U_3 = 101, P 50L/50U_3 = 0.49). In the third replicate there was a slight, significantly higher amount of labelled solution stored (t 50L/50U_2 = 6.3, N 50L/50U_2 = 69, P 50L/50U_2 \ 0.01; 
Storage preference based on sugar concentration
The measures in 30/50 colonies showed that a higher quantity of 50 % unlabelled sucrose solution was stored compared to 30 % labelled sucrose solution in all replicates (t 30/50_1 = -9.7, N 30/50_1 = 79; t 30/50_2 = -9.6, N 30/50_2 = 76; t 30/50_3 = -16.9, N 30/50_3 = 80, P \ 0.01 in all cases; Fig. 4 ). Since more unlabelled solution was stored, the average of the Hounsfield unit values measured is lower than the value of 626.5 expected when these solutions are mixed in equal proportions (Fig. 5) . Hounsfield unit values of replicate 2 were not normally distributed. The binomial test confirmed the significantly higher amount of 50 % sucrose solution (Z 30/50_2 = -8.31, N 30/50_2 = 76, P 30/50_2 \ 0.01).
Significant deviation from the storing of equal proportion of each solution could also be measured in the 70/50 diet (t 70/50_1 = -5.4, N 70/50_1 = 74; t 70/50_2 = 4.7, N 70/50_2 = 81, P \ 0.01 in both cases; Fig. 5 ). However, in one case the proportion of 50 % was higher in the combs and in the other case the proportion of 70 % sucrose was higher.
Calculated proportions of each solution stored were 2.3 ± 0.4, 0.9 ± 0.2 and 1.2 ± 0.5 for the 30/50, 50/50 and 70/50 diets, respectively. When measuring the amount of solutions removed from the feeding dishes, workers collected 4.2 ± 1.1 times more of the 50 % unlabelled sucrose solution than of 30 % labelled solution. They collected 1.3 ± 0.5 and 1.5 ± 0.8 times more of the 50 % unlabelled sucrose solution than of the labelled 50 and 70 % sucrose solutions, respectively.
Processing of solutions by workers during nectar ripening
In none of the replicates did we find Hounsfield unit values superior to the theoretical Hounsfield unit value of pure solutions (e.g. HU 50L = 1153 for 50 % labelled/50 % unlabelled experiment, e.g. Fig. 6 ).
Spatial rules for storage
To avoid any confounding influence (see ''Material and methods'') on rules for storage we used standardised data of the replicates. Standardised Hounsfield unit values within each of the diets showed a normal distribution of sugar concentration in the cells measured on all combs. Fig. 3 Average ± SD density measurements (n = 9) at three height levels within a vial in which 50 % sugar solution with contrast agent was poured on top of 50 % unlabelled sugar solution. Measures were performed 1 h, 3 days and 4 weeks after mixing. Applied KruskalWallis test reveals that after 1 h and 3 days a significant difference in the density of different levels within the vial occur, whereas after 4 weeks significance level of density differences was above 0.01, resulting in a more homogeneous solution 
Discussion
Our results show that at the early stages of nectar storage, honey bee workers mix solutions of different sugar concentrations in cells. Moreover, clustering of cells with similar concentrations occurred only occasionally, thereby indicating that workers do not follow a consistent rule for spatial nectar storage at this stage of honey production. Our conclusions differ from those of Greco et al. (2013) who suggested occurrence of clusters of cells containing similar content in smaller colony units and after a shorter storage period. This shows that honey ripening processes need to be considered under various conditions to provide a more general understanding of the storage behaviour of honey bees.
The data show that sedimentation of the contrast agent used to highlight differences in sugar concentration is unlikely to influence the measurements. Since the density in the mixed solution appeared more homogeneous after 4 weeks, we measured density of the cell content 4 weeks after cessation of storage in the experimental hives. Similar to earlier reports (Greco et al. 2013) , no preference for labelled or unlabelled solutions with similar sugar concentrations (50L/ 50U) was detected, thereby supporting that storage behaviour of workers was not influenced by labelling method. Both low and high sugar concentrations were stored in all replicates, enabling us to monitor the end result of this process. Since Hounsfield unit values never exceeded their theoretical maximum value, there was no evidence for intense active evaporation of sucrose solution by the workers during the 3 days of feeding and storage or of passive evaporation during the weeks of comb storage before scanning. Therefore, the observed densities were resulting from storage rules and putative preference for sugar concentration by workers and not from a methodological bias. A consistent preference was observed for 50 % over 30 % sucrose solution. We found a difference in the ratio of solutions removed from the feeding dishes and that of solutions stored in the cells. For instance, four times more 50 % sucrose solution was removed from the dishes than that of 30 % solution, whereas for the quantities stored in the cells, we found a lower ratio of 2:3. The trend between 50 and 70 % solutions was inversed with a preference for consumption of the lower concentration, but it was not as pronounced as for the 30/50 diet. This discrepancy in ratios of amounts removed from the feeders and stored in the comb might lie in the sugar solution bees consumed. Bees appeared to store more of the solutions of weaker (30 %) and higher (70 %) sugar concentration, but consume more of the solution with intermediate (50 %) sugar concentration. This could result from the fact that worker can best metabolise solution at this concentration for their physiological needs under our experimental conditions (flightless cold room) and store the solutions of lower and higher concentration. These lower and higher concentrated solutions could later be concentrated or diluted to a more appropriate value needed for consumption or long-term storage. The economy of food consumption and storage within honey bee colonies deserves better description in a context where nutrition is increasingly considered as an important factor for honey bee health (Brodschneider and Crailsheim 2010; Erler et al. 2014) .
In most replicates, the Moran I index used to quantify spatial aggregation was close to 0, indicating random spatial distributions, with a weak, but sometimes significant tendency towards clustering. Whether workers use an optimal strategy to store nectar later during reserve accumulation should be investigated over an even longer period of nectar storage and ripening. Comparing our results with those of Greco et al. (2013) , it appears that colony size and length of time from collection influences storing patterns. Spatial clustering of cell content according to sugar concentration could disappear with increasing worker population. With more individuals involved in the process, the end product of rules could become a blur. Indeed, the combination of a high number of visits necessary to fill a cell and individual variations in perception of sugar concentration (Scheiner et al. 2004) , inconsistencies are likely to accumulate. It can thus be expected that mixing solutions of different sugar concentration is more probable than filling cells with carbohydrate of the same origin or sugar concentration. Thus, variability in perception of sugar concentrations may prevent the spatial optimisation of carbohydrate storage based on this parameter. A similar constraint limiting optimisation was suggested to explain the inaccuracy of the dance communication to recruit foragers to food sources (Tanner and Visscher 2010; Preece and Beekman 2014) . The vector component of the dance while transferring information about the location and distance of a current food source contains an inherent error due to physiological and sensory constraints among individual bees (Preece and Beekman 2014) . As a consequence, dance followers trying to compensate for this non-adaptive error by following several waggle runs thus increase their chances of source detection. This suggests that optimisation at the colony level might also be restricted due to physiological constraints of individual bees.
The results show no strong evidence for optimised storage behaviour, suggesting that early spatial clustering of cells according to the sugar concentration of their content does not result in increased efficiency. Food-storer bees seem to randomly deposit their carbohydrate loads in the combs, instead of spending time to find cells with matching sugar concentrations. This idea is supported by the results of De Grandi-Hoffman and Hagler (2000) who found that 70 % of nectar cells had some content added to within 24 h. The continuous addition of nectar to a large number of cells is less likely to correspond to the filling of only cells with a similar sugar concentration. This is also in line with Camazine (1991) who proposed that the pattern of comb usage typical for honey bees likely derives from a selforganizing mechanism based on the interactions among deposition and relocation processes of cell content without a plan specifying spatial relationship. Even though nectar is first deposited randomly around the comb, after successive relocations fostered by consumption, ripening or brood dynamics, honey stores accumulate above the brood and pollen as well as on the lateral combs (Camazine et al. 1990; Schmickl and Crailsheim 2004) .
Diagnostic radioentomology, a non-invasive and reliable method, was proven appropriate to study honey storing with a higher resolution compared to the data available to date. This method could be used to better describe food storage behaviour, a poorly understood function of the honey bee society, which is, however, at the root of their extensive commercial exploitation and of their use as a model organism for research. The data do not support optimised early storage of nectar according to sugar concentration, thereby suggesting that the cost to benefit ratio for such behaviour is not favourable and that a random deposition of collected carbohydrates in the combs does not preclude efficient storage behaviour of honey bees.
